
INTERNAT10N.\I. SE.\RCH RKPORT 



International applir.ition Nt>. 
PCT I 'S(K) 1 ^7;^7 



A. CLASSIFICATION OV SLiBJR(n' MAITL^R 

wen) ; }\Or>H I/UO; HOlL '(u) 
Accord. n^^ ro Intern.it.onal latent a.sstficat.on ,1PC-. or to both natunial .lass.tK 3tu.n nn.l IF C 



B. riFJ.DS SKARCHKD 



M.nimum .locumentat.on searched (classifknt.on system tollowea l.y rlassitkation symbols 



rioiiimentanon searched other than minimum dommentation to the extent 
searched 



that such doruments are included in the tields 



hilectronic 



: data base consulted dunn^ the international search (name of data base and. where practicable, search terms used) 



EAST 



searc 



:h terms: plasma, electrode, endpoint. impedance 



C. DOCliMKNTS CONSIDERhD lO BK: KliLEVAN 1 



Catep^ory* 



X 



Y 



Citation of document, with indication, where appropriate, of the relevant pas.sages 



US 5,707.485 A (ROLFSON et al) 13 January 1998, see cols. 5-6. 



X 



X 



US 5,542,559 A (KAWAKAMI et al) 06 August 1996, cols. 5-6. 



Relevant to claim No. 



14 



15-17 



20 



US 5,576,629 A (TURNER et al) 19 November, 1996. see the 23-43 
entire document. 



1 — ■ . 

Further documents are listed in the continuation of Box C. Q See patent family annex. 



-A" 
"E" 

"O" 



Special c»te(5oneB of cited docomeats: 

d<x:uineDt di^finixn? the «euer*l «Uto of the »rt which is not considered 
U) be of particala-r lelevaoce 

ejirUer document pobli*hed on or »fU>r the iiiteni&tionil filing data 

docament which may throw doabu on prionty cUiin(8> or which ia 
cited Ut estabLish th« pubUcation date of another citation or oth#»r 
special reason (as specified) 

d<K:omeiit wferrinR to an oral di«cl.*ure, iise. exhibition «r other 
means 

d.Kumenl pobluhed prior to the mteroatiaual filing daU. but lat*r 
than the pnurity date claimed 



later docament published »fler the uitemational filiii<» date or pnonty 
date and not in conflict with the application bat cited to nndentand 
the principle or theory aaderlyilii! the invention 

docament of particular relevance; the claimed mveution cannot be 
considered novel or cannot be considered to involve xn inventive step 
when the document is taken alone 

docament of particular relevance; tb« claimed invoDtiou cannot be 
considered to involve au inventive step when the document is combined 
with one or more other such documents, such combination bom« 
obvioQS to a person skilled iu the art 



dDcam«>nt member of the same patent family 



Date of the actual completion of the international search 
AUGUST '2001 



Name and mailing address of the ISA/l'S 
Commissioner of Patents and Trademarks 

Box PCT 

Wx-shington, D C 20231 
Facsimile No. (703) S05-S^2SO 



Date of mailing of the international search report 

0 5 SEP 2001 



Authorized ofTicer 

Thi Dang 
Telephone No. (703) S08-06«l 




Form PCT/ ISA/2 10 (second sheet) (July I9ii8)* 




INTERNATION.U. SE.\RCH REPORT 



1 jiternational npplicatjon Niv 
F'CT TSoo/ K4 7;*~ 



(I \)iu»nM;itioii ) 



UOCUMITNTS rONSIOKRKn TO BK lUiLFA'ANT 



Cn.iuon ot a.HUDient. uirh UMiu ation. wh.-rr :ip})ioprtat.-. of rh- rM.vant passai^.s 



X 
V 



rS 5,480,05:3 A (M^RR t^t al) 0:3 January 191K), stM^ the entire 
(loom lie Lit. 



Hflevaiir to claim N 



11,18 



4, 7, 0, 10, 12, 
V\ L>17, W 



Form PCT/ISA/'ilO (continuation of second shet-t) (July 



PCT/USOO/18797 

ENT COOPERATION TRE. 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Commissioner 

KJ ^ L/C pd 1 1 1 1 It? 1 1 L Ui vJ 1 1 1 1 1 icri OCT 

United States Patent and Trademark 

Office, PCT 

2011 South Clark Place Room 
CP2/5C24 

Arlington, VA 22202 
ETATS-UNIS D'AMERIQUE 

in Its capacity as elected Office 


Date of mailing (day/month/year) 

10 July 2001 (10.07.01) 




International application No. 

PCT/USOO/18797 


Applicant's or agent's file reference 

NOR-933WO 


International filing date (day/month/year) 

10 July 2000(10.07.00) 


Priority date (day/month/year) 

13 July 1999 (13.07.99) 


Applicant 

TYLER, James, Scott 



1. The designated Office is hereby notified of its election made: 

I X I in the demand filed with the International Preliminary Examining Authority on: 

12 February 2001 (12.02.01) 

I I in a notice effecting later election filed with the International Bureau on: 



2. The election [ X [ 

□ 



was 



was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of WlPO 


Authorized officer 








34, chemin des Colombettes 


H. Zhou 




1211 Geneva 20, Switzerland 






Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22)338.83.38 




Form PCT/IB/331 (July 1992) 




US0018797 




ATENT (X)OPERATION 



r 



PCT 



REC'D 2 0 IvGV 2:31 



LNTERNATIONAI. PRELIMINAKY EXAAHNATIOX rIEPDBT 



(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 

NOR-yssWO 


FOR FURTHER ACTION Notification of Transmittal of International 

Preliminary Examination Report (Form PCT/ 1 PEA/4 16) 


International application No. 

PCT/ USOO/ 18797 


International filings date (day/month/year) 

lo JULY 2000 


Priority dale (day /month/year) 

13 JULY 1999 


International Patent Classification (IPC) or national classification and IPC 
IPC(7): HOSH l/OO; HOlL 21/00 and US CI.: 156/S4S; 118/725E, 7S5R 


Applicant 

NORDSON CORPORATION 



2. 



This international preliminary examination report has been prepared by this International Preliminary 
Examining Authority and is transmitted to the applicant according to Article 36. 

This REPOET consists of a total of T sheets. 

I I This report is also accompanied by ANNElXJUS, La, sheets of the description, claims andA)r drawings which have 
been amended and are the basis for this report andA)r sheets containing rectifications made before this Authority, 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the POT). 

a 



These annexes consist of a total of 



sheets. 



3. This report contains indications relating to the following items: 



I 




n 


□ 


m 


□ 


IV 


□ 


V 




VI 


□ 


vn 


□ 


vm 


□ 



citations and explanations supporting such statement 



Date of submission of the demand 
12 FEBRUARY 2001 


Date of completion of this report 
SI OCTOBER 2001 


Name and mailing address of the IPEA/US 
Coinmusiouer of Patents and Trademarks 

Box per 

WaahiBgton, D.C. 90S31 

Facsimile No, (703) S05-52SO 


Ai/f^oriJed offi/er / 
Telephone No. (703) S08-0661 



Form PCT/IPEA/+09 (cover sheet) (July 1998)* 





INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



mational application No. 



PCT/USOO/ 18797 



I. Basis of the report 



1 . With regard to tbs elements of the iDtematioDal application: *■ 
[ X I the international application as originally filed 
j"^ the description: 



pages 
pages 
pages 



1-30 



NONE 



_ , as originally filed 
filed with the demand 



NONE 



, filed with the letter of 



the claims: 

pages 

pages 

pages 



31-42 



NONE 



NONE 



, as originally filed 

, as amended (together with any statement) under Article 19 
, filed with the demand 



pages 



NONE 



, filed with the letter of 



I x| drawings: 



pages 
pages 
pages 



1-8 



NONE 



, as originally filed 

, filed with the demand 



NONE 



, filed with the letter of 



the sequence listing part of the description: 

pages NONE 

pages 

pages 



NONE 



, as originally filed 

, filed with the demand 



NONE 



, filed with the letter of 



2. With regard to the language, all the elements maiked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item 

These elements were available or furnished to this Authority in the following language which is: 

I I the language of a translation furnished for the purposes of international search (imder Rule 23.1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I [ the language of the translation furnished for the puiposes of international preliminary examination (under Rules 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 

prehminary examination was carried out on the basis of the sequence listing: 

contained in the international application in printed form. 
I [ filed together with the international application in computer readable form. 
I I furnished subsequently to this Authority in written form. 
[ I furnished subsequently to this Authority in computer readable form. 

□ The statement that the subseauently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable fomi is identical to the writen sequence listing has 
*— — ' been furnished. 

4 [ x| The amendments have resulted in the cancellation of: 

L2il the description, pages NONE 

the claims, Nos. NONE 

fx] the drawings, sheets/ftg NONE 



5 • I I This repwrt has been drawn as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacemeni sheets which have been furmshed to the recei\ing Office in response to an invitcaion under Article 14 are referred to 
in this report as "originally filed' and are not annexed to this report since they do not contain amendments (Rides 70,16 
and 70.17). 

**An\ replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 

Form PCT/lPEA/409 (Box I) (July 1998) ★ 




INTERNATIONAL PREUMINAKY EXAMTNATION REPORT 



fernationaJ application No. 
PCT/US00/1S797 



1. statement 



Novelty (N) 



Inventive Step (IS) 



Claims 
Claims 



1-19, 21, 22 



1 1-14, 20, 23-43 



Claims i-io. 15-19, gi^ gg 
Claims 11-14, go. g3-43 



Industrial Applicability (lA) 



Claims 



1-43 



Claims NONE 



2, citations and explanations (Rule 70.7) 

Claim 20 lacks novelty under PCT Article ,s(,) ^ being anticipated by Kawakami et 
Kawakarai disclose, a plasma processing method that includes supplying process eas through .n 

the workp.ece. «,d applying power to generate plasm, from the Jro^es. gL * of aperture, facing 

Clmms lack novelty under PCT Article S5(») as being «.ticipat.d by Turner et al. 

include increasing the RF power. power. <^ntrolling the RF power would 

Claim 14 lacks an inventive step under PCT ArHrU ««/«\ — u-- l • ^ 

vcp unaer rL. i Article 33(3) as being obvious over Rolfson et al. 

pot::i;tL"a::rXrg1:teTr^^ — - °PP-*- ^^-^^^ workpiec. and 

the power supply is connecS tf botT I ct 1 ' irRo^^^^^ " " ""ough 

electrodes grounded because .t s kn^^ ^ ^^^^^^^ "^P"!'"'- " '""^ ""^'""^ '<> <>- the 

grounded electrode. P'"*""' » POWered electrode and a 

Claims 11, 12, IS lack an inventive step under PCT ArHrU u u 

(Continued on Supplemental Sheet.) f""-- ««• 




Form PCT/ 1 PEA/409 (Box V) (July 19S8)* 



INTERNATIONAL PRELIMINARY EXAMLNATION REPORT 



nternational application No. 

PCT/USOO/ 18797 



Supplemental Box 

(To be iLsed when the space in any of the preceding boxes is not sufficient) 

Continuation of: Boxes I - VHI Sheet 10 

V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): 

Fun discloses a plasma processing chamber having a chamber hd, which is conneaed to the chamber base by a hinge. It 
would have been obvious to provide a sealing member and abround bearing groove for the hinge of Purr's apparatus because 
these features are conventional in the art to provide proper closing of the chamber lid. 

NEW CITATIONS 

US 5.707.485 A (ROLFSON et al) 13 January 1998. see cols. 5-6. 

US 5,542,559 A (KAWAKAMI et al) 06 August 1996. see cols. 5-6. 

US 5.576,629 A (TURNER et al) 19 November 1996. see the entire document. 

US 5.480.052 A (FURR et al) 02 January 1996, see the entire document. 



Form PnVIPEA/409 (Supplemental Box) (July 1998)* 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
18 January 2001 (18.01.2001) 




PCT 



illillllilllllllllllllllffi^^ 

(10) International Publication Number 

wo 01/05197 A2 



(51) International Patent Classification'^: 



H05H 



(21) International AppUcation Number: PCT/USO(V 18797 



(22) International Filing Date: 10 July 20(X) (10.07.2(XX)) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 
60/143,577 



English 



English 



13 July 1999 (13.07.1999) US 



(71) Applicant (for all designated Slates except US): NORD- 
SON CORPORATION [US/US]; 28601 Clemens 
Avenue, Westlake, OH 44145 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (/brL/;Son/>:): TYLER, James, Scott 



[US/US]; 141 South Emerald Oak Drive, Gait, CA 95632 
(US). 

(74) Agents: ROONEY, Kevin, G. et al.; Wood, Herron & 
Evans, L.L.P., 2700 Carew Tower, Cincinnati, OH 45202 
(US). 

(81) Designated States (national): JP, KR. US. 

(84) Designated States (regional): European patent (AT, BE, 
CH, CY. DE, DK, ES, R, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE). 

Published: 

— Without international search report and to be republished 
upon receipt of that report. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: HIGH-SPEED SYMMETRICAL PLASMA TREATMENT SYSTEM 



Sir 




< 

ON 

^ (57) Abstract: A plasma treatment system (10) and related methods for rapidly treating a vi^orkpiece (56) with ions from a plasma 
^ having an ion density that is reproducibly uniform and symmetrical. The processing chamber (12) of the plasma treatment system 
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Rolfson discloses a plasma processing apparatus that has two electrodes arranged on opposite sides of a workpiece, and 
power supply means for applying power to the electrodes so as to generate plasma between the electrodes. Even though 
the power supply is connected to both electrodes in Rolfson's apparatus, it would have been obvious to have one of the 
electrodes grounded because it is known in the art that plasma can be generated between a powered electrode and a 
grounded electrode. 

Chunks II, I'J. \ti lack an inventive step under PCT Article 33(3) as being obvious over Furr et al. 
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pagc(s) 1-30. as originally filed. 

pace(s) NONE, filed with the demand. 
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This report has been drawn on the basis of the claims, 
pai:e(s) 31-33. 35. 38. 41-42. as originally filed. 
paee(s) NONE, as amended under Article 19. 
pai!e(s) NONE, filed with the demand, 
and additional amendments: 

Pa^cs 34. 36-37a, 39-40a. filed wiih the letter of 05 October 2001. 




This rcpt)n has Ix^en drawn on ihe basis of the drawings, 

pa^c(s) 1-8. as originally filed. 

paee(s) NONE, tiled with the demand. 

and additional amendments; 

NONE 




Tins report has been drawn on the basis of the sequence listing part of the description: 

page(s) NONE, as originally filed. 

pages(s) NONE, filed with the demand. 

and additional amendments: 

NONE 


V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): 


Furr discloses a plasma processing chamber having a chamber lid, which is connected to the chamber base by a hinge. It 
would have been obvious to provide a sealing member and abround bearing groove for the hinge of Furr's apparatus because 
these leatures are conventional in the art to provide proper closing of the chamber lid. 
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US 5,576,629 A (TURNER et al) 19 November 1996, see the entire document. 
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14. An apparatus for processing a workpiece with a process gas. 
comprising: 

a chamber having a processing space and a workpiece holding 
portion configured to receive the workpiece; 

a gas supply in fluid communication with the vacuum chamber, 
said gas supply operable to selectively provide a process gas into the 
processing space; 

a powered electrode positioned on one side of said workpiece 

holding portion; 

a plasma excitation source operably connected to said powered 
electrode assembly for exciting the process gas within said processing space 
to generate a plasma; and 

a ground electrode positioned on an opposite side of said 
workpiece holding portion relative to said powered electrode, said powered 
electrode and said ground electrode being approximately equidistant from 
said workpiece holding portion, said powered and ground electrodes together 
producing an electric field substantially perpendicular to said workpiece when 
said workpiece is received in said workpiece holding portion. 

15. The apparatus of claim 14, wherein said chamber includes a lid 
movable between open and closed positions for introducing and removing the 
workpiece to and from said workpiece holding portion of said processing 
space, said lid further comprising said ground electrode, 

16. The apparatus of claim 15, wherein said lid further includes a 
process gas inlet port for introducing process gas to said processing space. 
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P(n7US00/18 797 
IPmJS 05 OCT 200? 



19. The apparatus of claim 18, wherein said lid includes an interior 
surface facing said workpiece holding portion of said processing space when 
said lid is in said closed position, and said process gas inlet port further 
comprises a gas distribution space within said lid and an array of apertures on 

5 said interior surface configured to uniformly distribute the process gas from 
said gas distribution space onto the workpiece. 

20. A method for treating a workpiece with a plasma, comprising: 

positioning a workpiece on a workpiece-holding portion within a 

processing space of a vacuum chamber, said vacuum chamber having an 
10 interior surface facing said workpiece holding portion wherein said interior 
surface including an array of apertures configured to uniformly distribute said 
process gas about said surface of said workpiece; 

evacuating the processing space; 

initiating a flow of a process gas through said array of apertures 
15 into the processing space, wherein said flow lines of process gas are 
symmetrical over the surface of the workpiece; and 

applying plasma excitation power to create a plasma from the 
process gas in the processing space. 

21 . A method for treating a workpiece with a plasma, comprising: 
20 positioning a workpiece on a workpiece-holding portion within a 

processing space of a vacuum chamber; 

initiating a flow of a process gas into said processing space 
evacuating the processing space through a vacuum port in fluid 

communication with said vacuum chamber, said chamber further including a 
25 vacuum distribution baffle positioned between said vacuum port and said 

workpiece-holding portion, wherein said baffle provides symmetrical lines of 

flow of said process gas over said surface of said workpiece; and 

applying plasma excitation power to create a plasma from the 

process gas in the processing space. 
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22. The method of claim 21, wherein said vacuum distribution baffle 
comprises an electrically-insulating material and said baffle is operable to 
confine said plasma to a portion of said processing space adjacent said 
workpiece holding portion. 

23. A method of operating a plasma treatment system comprising: 

transferring a workpiece to be processed into a processing 

chamber; 

decreasing pressure within the processing chamber; 

initiating a flow of process gases into the processing chamber; 

applying an RF power of a relatively-low power level to 
electrodes within the processing chamber to create a gas plasma, thereby 
initiating a plasma treatment cycle; 

matching an impedance of an RF system including the 
electrodes at the relatively-low power level to a desired impedance; 

increasing RF power to the electrodes from the relatively-low 
power level to a relatively-high power level; 

continuously matching the impedance of the RF system to the 
desired impedance while increasing the RF power to the electrodes; 

maintaining the RF power at the relatively-high power level; 

continuously matching the impedance while maintaining the RF 
power to the electrodes at or near the relatively-high power level; 

detecting an end of the plasma treatment cycle; and 

terminating the flow of process gases to the processing 
chamber and the application of RF power to the electrodes after detecting the 
end of the plasma treatment cycle. 

24. The method of operating a plasma treatment system of claim 23 
further comprising decreasing RF power to the electrodes in response to 
detecting an end of the plasma treatment cycle. 
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25. The method of operating a plasma treatment system of claim 23 

further comprising increasing RF power to the electrodes at a maximum rate 
permitting a continuous matching of the impedance of the RF system to the 
desired impedance. 
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30. A method of operating a plasma treatment system comprising: 

transferring a workpiece to be processed into a processing 

chamber; 

evacuating the processing chamber to an upper pressure limit; 
5 initiating a flow of process gases into the processing chamber; 

applying RF power to electrodes within the processing chamber 
to create a gas plasma, thereby initiating a plasma treatment cycle; 

matching an impedance of an RF system including the 
electrodes to a desired impedance; 
10 continuing to evacuate the processing chamber during the 

plasma treatment cycle to a pressure greater than or equal to a lower 
pressure limit while continuously matching the impedance of the RF system to 
the desired impedance; 

detecting an end of the plasma treatment cycle; and 
1 5 terminating the flow of process gases to the processing 

chamber and the application of RF power to the electrodes after detecting the 
end of the plasma treatment cycle. 

31 . The method of operating a plasma treatment system of claim 30 
further comprising the steps of monitoring pressure within the processing 

20 chamber at least between the upper and lower pressure limits and controlling 
the flow of process gases into the processing chamber based on the 
monitored pressure. 

32. The method of operating a plasma treatment system of claim 30 
wherein the upper pressure limit equals a normally used processing pressure 

25 value plus an incremental offset pressure value. 

33. The method of operating a plasma treatment system of claim 32 
wherein the lower pressure limit equals the normally used processing 
pressure value minus the increment offset pressure value. 
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34. The method of operating a plasma treatment system of claim 33 

further comprising increasing pressure in the processing chamber after 
detecting the end of the plasma treatment cycle. 
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35. A method of operating a plasma treatment system comprising: 

transferring a workpiece to be processed into a processing 

chamber; 

operating a vacuum system to decrease pressure within the 
5 processing chamber to a first partial vacuum; 

operating a mass flow controller to initiate a flow of process 

gases into the processing chamber; 

operating in response to the first partial vacuum in the chamber 
an RF generator to apply RF power of a lesser, first power level to electrodes 
10 within the processing chamber to create a gas plasma, thereby initiating a 
plasma treatment cycle; 

operating a tuning network to match an impedance of an RF 
system including the RF generator and the electrodes to a desired impedance 
with the electrodes being supplied the first power level; 
1 5 operating the RF generator to increase RF power to the 

electrodes to a greater, second power level; 

operating the tuning network to match the impedance of the RF 
system to the desired impedance with the electrodes being supplied with the 
second power level; 

20 operating the RF generator to maintain the RF power at the 

greater, second power level; 

operating the vacuum system and the mass flow controller to 
decrease pressure within the processing chamber to a second partial 
vacuum; 

25 continuously operating the tuning network to match the 

impedance of the RF system to the desired impedance while maintaining the 
RF power to the electrodes at the greater, second power level; 

detecting an end of the plasma treatment cycle; 
operating the mass flow controller to terminate the flow of 
30 process gases to the processing chamber after detecting the end of the 
plasma treatment cycle; 
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operating the RF generator to terminate the application of RF 
power to the electrodes after detecting the end of the plasma treatment cycle; 
and 

increasing pressure within the processing chamber to 
approximately atmospheric pressure. 
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